Introduction
Light is very important for human visual activity. Without light, there will be no sight. In many of the poor yet densely populated countries, the people still live in places that are much more awful than a low cost apartment. The buildings are built very compact and closer together and therefore the free natural lighting cannot be directed into the building causing that their occupants rely thoroughly on electricity to provide lighting to the interior surrounding. Due to the poverty, these underprivileged families would rather live in an uncomfortable surrounding such as relying on burning kerosene lamps indoors, rather than paying the high-priced electricity. Because they could not afford the high cost of living, these poor people would refrain themselves from using light bulbs and thus lead themselves to live in a light-deprived environment (Sarant, 2011) .
Daylighting is the practice of using natural light to provide illumination in interior environments. Before the 1940s, daylight was the primary light source in buildings; artificial lights supplemented the natural light (Edwards and Torcellini, 2002) . In the short span of 20 years, electric lighting had transformed the workplace by meeting most or all of the occupants' lighting requirements. A rising problem with access and affordability of indoor lighting in developing countries has led to the renewed interest in studies of solar lights (Maillet, 2012) .
The choice of using solar lighting for indoor lighting was based on a widely accepted belief that it made a positive impact on poor people's lives in developing countries, such as raising productivity for home-based crafts and improving education opportunities (World Bank, 2008; Kirubi et al., 2009; Cherni and Hill, 2009; Martinot et al., 2002) . However, there are some wellknown challenges around solar lighting systems, such as access, affordability, technical and maintenance difficulties (Mondal, 2010; Pode, 2010 ).
An invention that uses simple materials such as plastic bottles (polyethylene terephthalate (PET) bottle) filled with clean water with addition of some bleach has been created to provide lighting within houses. This invention is named as solar bottle bulb and it is fixed over the houses, acting as skylights, reflecting and amplified the rays of the sun to light up the house. This invention can provide a great amount of light by using the least amount of money as all the material needed to create the solar bottle bulb can be easily found in daily life. The purpose of this paper is to review the critical retrospect on daylighting through the solar bottle bulb. This paper presents a review on the designs, principles and applications of the solar bottle bulb by highlighting the importance of this invention towards sustainability.
Daylighting
The emission of greenhouse gases (GHG) during the production and use of electricity around the world is one of the major contributors to global warming. Global warming contributes to a climate change, which has the potential to damage parts of the world. Using natural lighting during the day can reduce dependence on this energy by a significant amount, potentially up to twelve hours of electricity consumption per day. It is a crucial step towards reducing the typical energy consumption with an overall impact of reducing greenhouse gas emissions in turn to ease the environment. This can be achieved by reducing the dispensable energy consumption during the daytime using the abundant sunlight, through the implementation of alternative daylighting systems for housing lighting.
Daylighting is the practice of using natural light to provide illumination in interior environments (Edwards and Torcellini, 2002) . This type of lighting is useful to save energy, to avoid adverse health effects of over-illumination by artificial light, and also for sustainability. The availability of light enhances the opportunities for a better education, healthier life-style, and an extended amount of leisure time (Maillet, 2012) . The nature of daylighting has not changed since its original use, but the building design has been changed. Daylighting is often integrated into a building as an architectural statement and for energy savings (Edwards and Torcellini, 2002) . However, benefits from daylighting extend beyond architecture and energy. The psychological and physiological aspects of natural light should also be considered (Edwards and Torcellini, 2002) . Daylight provides better lighting when compared to electrical lights, as human visual response closely matches the visual spectrum of daylight as a result of evolution. The human eye works best in light with full spectral distribution.
The comforting space and connection to the environment provided to building occupants provide benefits as significant as the energy savings to building owners and managers (Edwards and Torcellini, 2002) . Daylight provides a better lighting environment than cool white or energy-efficient fluorescent electrical light sources because "daylight most closely matches the visual response that, through evolution, humans have come to compare with all other light" (Franta and Anstead, 1994) . The majority of humans prefer a daylight environment because sunlight consists of a balanced spectrum of color, with its energy peaking slightly in the bluegreen area of the visible spectrum (Liberman, 1991) . Natural light also has the highest levels of light needed for biological functions of human body (Hathaway et al., 1992) . Humans are affected both psychologically and physiologically by the different spectra provided by the various types of light (Edwards and Torcellini, 2002) . These effects are the less quantifiable and easily overlooked benefits of daylighting.
Daylighting has been associated with improved mood, enhanced morale, lower fatigue, and reduced eyestrain (Edwards and Torcellini, 2002) . One of the important psychological aspects of daylighting is meeting a need for contact with the outside living environment (Robbins, 1986) . The physical effects of daylight such as production of vitamin D, tanning and reduced eyestrain are either caused by light reaching the retina or on the skin. At a universal level, community resilience is the ability to survive and adapt to changes in the environment and economy (Lockley et al., 2003) . Previous studies show that the proper use of daylighting decreases the occurrence of headaches and eyestrain due to insufficient light levels (Franta and Anstead, 1994) . These ailments are reduced when the lighting level is improved by using proper spectral light. However, the number one health problem in offices is eyestrain (Ott Biolight Systems, 1997) .
A study at the North Carolina Johnston County schools specifically analyzed the academic benefits of daylighting (Nicklas and Bailey, 1997). The Johnston County schools study compared the scores of students from newly constructed daylighting schools to schools that use artificial light. Students in the daylighting schools had higher reading and math achievement scores (Nicklas and Bailey, 1997). A study by Benedetti et al. (2001) on the effects of bright artificial light on no seasonal depression substantiates benefits for patients with psychological disorders. The length of hospitalization for 415 unipolar and 187 bipolar depressed inpatients was recorded for those assigned to rooms with an eastern or western window. Bipolar inpatients in eastern rooms (exposed to direct sunlight in the morning) had a mean 3.67-day shorter hospital stay than patients in western rooms (Benedetti et al., 2001 ). However, no effect was seen for unipolar patients (Benedetti et al., 2001 ).
The modern artificial light existing today has a lighter spectrum, which is of shorter wavelength. The light of artificial lighting emits bluer wavelength than the natural sunlight and old traditional lamp such as incandescent bulb and kerosene lamp (Crisp and Elliott, 2005) . Therefore, the type, intensity, and color of the lighting are important and should be considered carefully. The blue light wavelength (464 -484 nm) is believed to be responsible for suppressing the level of melatonin (MLT) that is a type of hormone, which plays a critical role in health and well being (Crisp and Elliott, 2005; Iskra-Golec et al., 2012). Besides, working or living in a dim light condition also suppresses MLT that will direct to tumor growth (Crisp and Elliott, 2005) .
A study was conducted to examine the effect of exposure to natural sunlight and level of arousal during the afternoon (Webb, 2006) . It showed that natural sunlight could improve the sleepiness in the afternoon hence possibly increase performance at work. Furthermore, daytime bright light can reduce the impact of sleep loss thus sleepiness level could be lowered down and performance improved (Kaida et al., 2006 ). There are some previous studies confirming that daytime MLT will not change even with longer hours of higher intensity exposure (PhippsNelson et al., 2003). Hence, human will not feel tired by the sleeping hormone during daytime and the daylight can help in reducing sleepiness due to the sleep deprived the night before.
Solar Bottle Bulb
When William Gilbert coined the term electricity in the early 1600s, he was unaware of the potential it had (Gonthier, 2014) . Over 200 years later, Humphry Davy designed the first functional incandescent light strip in the form of an arc lamp, a primitive form of the common light bulb (Gonthier, 2014) . Although the lamp was illuminated only a short time, Davy had initiated the development of one of the most common products of the modern world (Incandescent Lamps, 2010). Light bulbs, which are now found in almost every major structure, have significantly changed humans' way of life. Different types of light bulb have different characteristics in lux intensity, spectral, energy, illuminance and its energy. At the beginning Thomas Edison was working on a practical light bulb, which is today known as an incandescent light bulb after much improvement with latest finding and technology. After that invention, there are more light bulbs that have been produced as shown in Table 1 
The Needs of Daylighting for Underprivileged Community
There are a lot of new inventions and technologies related to light bulbs, but none of them exactly fit to the people in poor countries due to the cost to bare these technologies. These poor people are relying on artificial lighting all the time because their houses are closely built to each other to accommodate densely populated people. Hence, the surroundings are not able to be well lit by natural sunlight, causing them depend greatly on artificial lighting in the house as well as burning fossil fuel such as kerosene which is dangerous if not monitored properly. Poverty is the main reason for not applying this technology in their life. Many people could not afford to buy the expensive light bulbs, as well as electric tariff, which are very costly. Besides, these poor families mostly live in slum areas, which do not have registered electricity meter with legal connection. Most of the time, they do illegal connection which is against the laws and if caught they would be fined more than the standard rates (Oshima, 2011) . Figure 1 shows the slum housing areas which owing to some structural constraints are built so close to each other and one at the top of another (Inquirer.net, 2013; HubPages, 2013 A slum is a cluster of compact, overcrowded settlements of households, which is growing in an unhealthy condition in an unsystematic way, with poor structural quality of housing. It may differ in different countries but commonly slums are populated with many low socioeconomic status residents and they may even depend on some recycle trash or some informal economy work for living. Light bulb and electricity have a close relation with each other as most of the light bulbs rely on the resource to light up the light bulb. Basically, the main factors in the poor people's decision towards the solar bottle bulb were whether the invention had easy maintenance and low cost. With solar lights, the cost is not important since there are no expenses for electricity (Maillet, 2012) . Regression in the area of electricity for rural communities has created a surge in solar lights (Agarwal, 2005) .
Development of Solar Bottle Bulb
The luminous nodules called light bulbs are an invention that is simple and cost effective enough to be utilized in huge numbers in underprivileged areas of the world (Gonthier, 2014) . The invention is a highly effective and excessively cheap option for those without other sources of indoor lighting (Gonthier, 2014) . The device requires only a bottle, some roofing materials, water, and minimal amounts of commonly found chemicals; no electricity is needed (Maillet, 2012) .
The idea of using plastic bottle for daylight was first created in Brazil by Alfredo Moser in 2002 (Alex, 2013) . He is a mechanic who was looking for a way to substitute the electricity light using a bottle of water when Brazil was having difficulties in energy crisis and blackout. With an application of simple physical theories -simple total internal reflection and the Snell's Law, lighting into the living space could be better than allowing an opening hole in the roof. It was believed that the solar bottle bulb could produce equivalent to 55-watt incandescent bulb which can brighten the living space (Tom, 2011) . However, to date there is no a sturdy source that can describe the actual luminance. The most reliable sources stated that the light produced by solar bottle bulb has equivalent to the range of 40 to 60 watt incandescent bulb depending on the weather condition (Fonseca et al., 2013) .
The first solar bottle bulb was fabricated in Brazil in 2002; yet it was not known to the world until the MyShelter Foundation in the Philippines took an interest in the idea and worked together with students from the Massachusetts Institute of Technology to report it to the world in 2006 (Wang et al., 2013) . The project is named "A Liter of Light" or locally called "Isang Litrong Liwanag". The project is an environmental-friendly, zero carbon-emitting alternative to the daytime use of incandescent light bulbs and kerosene. This project is a sustainable lighting project, which aims to bring eco-friendly solar bottle bulb to unprivileged communities around the world to light up their homes.
The plastic bottles and the other materials used in the technology are easily available eliminating the need for energy-intensive processes involved in gathering, manufacturing and transporting new bottles. Although this eco-friendly bulb could only supply daylight into the living space during the day, it has a great positive impact on the life of poor people as it is cost saving because the material used is cheap, easy to find, easy to install and most notably sustainable and environmental-friendly. In addition, this bulb also makes the home a safer place to live as it reduces the risk of fatal fire incident due to the use of candle or potential dangerous electrical connection which may cause destruction and explosion. (Mifunedumaguate.com, 2014) . As it was greatly introduced over the world, some students and interested parties had made their innovation through various methods but shared throughout the Internet. Figure 4 shows one of the significant innovations when a small solar panel is mounted beside the bottle bulb to charge up the light for the night usage (Julius, 2012). The solar bottle bulb is quite easy to make and affordable. The materials needed to construct these solar bottle bulbs are a polyethylene terephthalate (PET) bottle (with volume of 1.5 L or 2.0 L), a piece of galvanized iron sheet, a rubber sealant to seal the bottle to the sheet metal, a little of filtered water and a capful of household chemicals such as bleach (Alex, 2013) . The rationale of the bleach is to prevent any bacterial growth within the bottle while the water acts to scatter the light.
How Solar Bottle Bulb Works
The solar bottle bulb installed on the roof works by making the use of simple physical theory, the refraction of light rays. The refraction of light rays occurred because of two different media involved, which are the air and water. Figure 5 demonstrates how the solar bottle bulb works to create illumination. By putting a water-filled container in the hole we can collect more light due to two fundamental optical effects, which are the Snell's Law and total internal reflection (Bernard, 2012) . It has been mentioned that the stream of light passes through the bottle and facing with refracting bending and internal reflecting to produce bright light source. That situation is very useful to get a more light to go down through the hole. There are similar physical phenomena such as the light refraction and reflection in diamond. Figure 6 . Refraction of light at the interface between two media of different refractive indices, with n 2 > n 1 (Alex, 2013) According to the Snell's Law, when the light is moving through the air encounter with a denser media like water, it changes the direction due to the changing index of refraction. Figure  6 illustrates how the light ray "bends" when it runs into water surface so that it is traveling more directly down into the water. The simplest case of refraction occurs when there is an interface between a uniform medium with index of refraction n 1 and another medium with index of refraction n 2 . The Snell's Law describes the resulting deflection of the light ray:
where θ 1 and θ 2 are the angles between the normal (to the interface) and the incident and refracted waves, respectively. This phenomenon is also associated with a changing speed of light as seen from the definition of index of refraction provided above which implies:
where v 1 and v 2 are the wave velocities through the respective media.
Despite this situation, some of the light will still be on a path to the opposite side of the cylinder. A portion of the light is trapped in the cylinder (solar bottle) because of simple reflection, which occurs at anytime the light passes from one transparent material to another. However, during most of the day, the light will strike the cylinder walls in such a way that lots of light will be reflected down towards the hole (Alex, 2013 ). This phenomenon is called total internal reflection. The light reflected this way will bounce back and forth as it travels down through the water column, more like signals passing through an optical cable. Figure 7 shows comparison between how much sunlight will be collected when using the solar bottle and without using it. Without a solar bottle bulb, only a small amount of sunlight would be collected. With only one opening on the roof, the sunlight may not be able to be projected or refracted into every corner of a room space but only be able to pass straight through illuminating a spot on the floor or wall. After additional plastic bottle filled with water, the sunlight can be refracted in many directions according to the Snell's law and internal reflection (Alex, 2013) .
By refracting light from the sun, the solar bottle bulb can produce the light 360 degrees around the room with equivalent light power of 60 -Watt bulb. Figure 7 . Illustrating how much sunlight will be collected when using the solar bottle and without using it (Alex, 2013) Table 2 below shows the differences between the solar bottle bulb and conventional bulb. The solar bottle bulb will last for five years without maintenance and before the water has to be changed. Table 3 shows the advantages and disadvantages of using solar bottle bulbs. 
Comparable Lighting Concept
The solar bottle bulb applied similar concept as light wells and solar pipe but with density content in between to improve the short coming of roof structure comparing to new product manufacturing as mentioned above. The illustration shows how it works (Figure 8) , in considering the reflectance of light (Egan and Klas, 1983 The illustration demonstrates that solar bottle bulb has similar concept as these light wells. Therefore, the solar bottle bulb can direct light into the room with diffuse light due to water density and plastic sheeting which encourages reflection and refraction.
Conclusions and Recommendation
There are a lot of different models and technologies about daylight illumination that exist these days, from models as simple and compact as a PET bottle filled with water, to more complicated technologies such as hybrid lighting systems. Different solar lighting technologies are applicable to different types of buildings. The accessibility of light can improve the chances for a better life. Many urban areas have a good access to electricity, while rural areas do not. A growing problem with access and affordability of indoor lighting in developing countries has led to the renewed interest in studies of solar lights. With solar lights, the cost is not important since there are no expenses for electricity. The solar bottle bulb can provide sufficient lighting to a room without transmitting much heat into the interior. The color of light delivered by the solar bottle bulb is close to that of sunlight. Solar bottle bulbs will be easily accessed and removed from the roofs of households if the bleach in the bottle does not keep the mixture clean from algae and solar bottle bulbs are most effective during daytime. However, the drawbacks of solar bottle bulb are it did not perform well when the weather was overcast and when it was raining.
Despite these positive aspects of the solar bottle bulb, there were people who did not believe its ability to provide lighting, partly because there were no published experiments providing precise data regarding the characteristics of light produced by these bulbs. Also, there are remarks from some users who have installed solar bottle bulbs commented that the solar bottle bulb did heat up the room. Further comprehensive studies are needed in the future so that more advanced solar bottle bulbs technology can be designed with different materials and different structures. It would be very remarkable if a different solar bottle bulb can be designed that could be used during the hours of the night. This invention would have to be more complex, as it would have to somehow store the sun's energy for the nighttime use. There is the possibility that this may not even be possible because of the use of inexpensive, recycled materials. In this case, a household in a developing country would have one solar bottle bulb to use during the day and another solar bottle bulb to use during the night. There is also the possibility that there could be one light with both functions during the day and during the night.
